ABSTRACT A new estimate method is proposed, which takes advantage of the unscented transform method, thus the true mean and covarianee are approximated more accurately. The new method can he applied to nonlinear systems without the linearization process necessary for the EKF, and it does not demand a Gaussian distribution of noise and what's more, its ease of implementation and more accurate estimation features enables it to demonstrate its good performance in the experiment of satellite orbit simulation. Numerical experiments show that the application of the unscented Kalman filter is more effective than the EKF.
Introduction
As is well known, the Kalman filter(KF) is always used to deal with the system whose dynamics and observation models are linear, and the extended Kalman filter(EKF) is the most widely used estimator for nonlinear systems. In the EKF the kalman filter is usually applied to nonlinear systems by simply linearizing all the nonlinear models so that the traditional Kalman filter equations can be applied. However, as people have found, the use of the EKF in practice has two well-known drawbacks. The first one is that linearization can produce highly unstable filters if the assumptions of local linearity is violated. The second one is that the derivation of the Jacobian matrices is nontrivial in most applications and often leads to significant implementa tion difficulties.
In this paper a new estimator, UKF, is introduced which yields performance equivalent to the Kalman filter for linear systems, yet generalizes elegantly to nonlinear systems without the linearization steps required by the EKF.
Unscented Kalman filter
The UKF approximates the statistical distribution of the state random variable in a more accurate way. The Gaussian random variable that represents the state distribution is determined by a specific sample point set which contains information on the mean and covariance of the Gaussian random variable. Therefore, no matter how nonlinear the system is, the posteriori mean and covariance with accuracy up to the third order in terms of Taylor series expansion can be derived through nonlinear propagation. The specific minimal sample point (Sigma point) set is obtained using the unscented transform.
Unscented transform
The unscented transform was proposed by Ju-lier and Uhlmann to calculate statistical properties of random variables after nonlinear propagation. Consider the problem: propagate a random variable x, whose dimension is dx, through a nonlinear function
y=f(x).
Assuming that x has mean value x" and covariance Px. To compute the statistical properties of y, the following formulas can be used Further analysis shows that, using the Sigma point transformation, the statistical properties of the random variable after nonlinear transformation can be approximated with higher accuracy than that using simple linearization used in the Kalman filter
The difference between the mean of random variable through UT and that through nonlinear transformation only lies in the terms higher than the third order. The covariance through UT only differs from that through nonlinear transform in moments higher than the fourth order.
UKF Implementation
By applying the UT to the recursive estimation, the UKF method is derived. It must be 
